Beginning with Gee's7 mention of atrophy of glandular crypts in 1888, many investigators of idiopathic sprue agreed that the significant changes in the small bowel at autopsy consisted of mucosal and villous atrophy, edema, and chronic mucosal inflammation and ulceration. Later, these observations were dismissed by Thaysene as due to post-mortem autolysis. According to Suarez et al.,' Koppisch subsequently described shortened, clubbed, and blunted villi in 8 of 16 autopsied cases of sprue, and Adlersberg and Schein' found bizarre villous shapes or clubbing in 2 of 10 autopsied cases. It remained for small bowel biopsy to settle the question of post-mortem artefact, however.
to four specimens measuring approximately 3 x 4 mm. were obtained from each patient. In two cases of chronic steatorrhea, repeat biopsies were obtained at later intervals. In each case, mucosa, muscularis mucosae, and a small segment of submucosa were obtained. For comparison, duodenal specimens were obtained two hours' postmortem from four patients with no known history of gastrointestinal disease. All photomicrographs were taken at x145 (Figs. 2, 4 , 5, and 7) or at x170 (Figs. 1, 3 , and 6) of sections cut perpendicular to surface.
RESULTS
Normal duodenum at autopsy. The autopsy specimens of normal duodenum were all quite similar. The villi were long, slender, and tended to lie against the mucosa. There was marked lysis and shrinkage of columnar and goblet cells which covered their surfaces. The glandular areas were much better preserved. Scanty mitoses were present in the neck area. A moderate number of lymphocytes, plasma cells, and eosinophils were present in the lamina propria. Brunner's glands were abundant and not dilated. Blood vessels were engorged, but no edema was present. As the jejunum was approached, both valves and villi became taller and there was better preservation of villous epithelium. Thickened or fused villi were rare.
The clinical pathology, biopsy site, and histopathology of the biopsy material are briefly documented in Table 1 for those cases without steatorrhea and in Table 2 for those cases with steatorrhea. In contrast to the post-mortem material, there was excellent preservation of structure, including the easily damaged surface epithelium.
Biopsies in cases without steatorrhea. Of the 17 cases without steatorrhea, the first 14 had predominantly slender, delicate, symmetrical, filiform villi, covered by columnar epithelium with a prominent cuticular membrane (Fig. 1 ). Of these 14 cases, the first 2 biopsies were jejunal and the last 12 were duodenal. Half the duodenal biopsies showed focal areas of villous hypoplasia and fusion (Fig. 1 ). Brunner's glands were occasionally mildly dilated (Fig. 2) . In the remaining 3 duodenal biopsies of this group, atrophy, fusion, edema and flattening of villi occurred with a reduction in total thickness of the mucosa. These changes were mild in Case 15, consisting chiefly of hypoplasia, and marked in Case 16 (Fig. 3) and Case 17 (Fig. 4) .
Biopsies in cases with steatorrhea. In Case 18, in which steatorrhea was present following subtotal gastrectomy, biopsy of efferent jejunum showed areas ranging from extreme atrophy of mucosa without flattening of the surface, to hyperplastic, edematous, clubbed villi. Of the remaining 5 cases in this group, 4 were considered to be cases of sprue on clinical, x-ray, and laboratory evidence, and are duodenal biopsies. In Case 19 in which steatorrhea had been present since childhood in a 68-year-old woman, the villi were flattened and fused to form an even surface, without reduction of the total thickness of the mucosa. There was an increase in leukocytic infiltration and Brunner's glands were markedly dilated. Repeat biopsy at a later date showed the same type of flattened mucosa (Fig. 5 ). In Cases 20 and 21, the villi were broadened, flattened, and fused, with an over-all reduction in mucosal thickness (Fig. 6 ). These changes were again demonstrated by repeat biopsy in Case 21. Biopsy in Case 22, as in Case 19, showed a normally thick, chronically inflamed mucosa with a histological pattern suggesting that the flattening of the surface was due to broadening and fusion of the villi rather than to simple atrophy ( Fig. 7) . The last case of steatorrhea was proved histologically to be Whipple's disease with markedly hyperplastic and clubbed villi, macrophages stuffed with PAS.-positive material, and dilated lymphatics. The subjacent Brunner's glands were markedly dilated (Fig. 8) .
Some degree of congestion and edema was present in practically all specimens. Variable numbers of lymphocytes, plasma cells, and eosinophils were present in the lamina propria, chiefly between the glands in the region of the muscularis mucosae. Normal numbers of goblet cells and glandular mitoses were always present. The superficial columnar cells tended to be slightly to moderately shorter whenever the villi were flattened, in both sprue (Fig. 6 ) and nonsprue (Fig. 8) . No vacuolization was noted in these cells, nor could abnormalities of the Paneth or argentaffin cells be detected. No abnormalities of the muscularis mucosae were present, nor was there any evidence of submucosal infiltration. Focal dilatation of Brunner's glands was noted in the 4 cases of sprue (Fig. 5) , the case of Whipple's Disease (Fig. 8) ; and to a lesser extent in a case of chronic diarrhea without steatorrhea but with marked atrophy of villi (Fig. 3) , and in a case of chronic relapsing pancreatitis (Fig. 2) . DISCUSSION Normal jejunum. Butterworth two-thirds of the mucosal thickness. Our two biopsies of postgastrectomy nonsteatorrhea cases produced specimens like those described and may be considered entirely normal.
Normal duodenum. Our autopsy specimens of normal duodenum resembled normal jejunum, except for Brunner's glands and somewhat shorter villi. A considerably greater variation in normal duodenal pattern was described by Doniach and Shinere in 25 patients. The specimens, which were removed by biopsy tube, were described as showing marked variation in thickness of mucosa and intensity of cell infiltration, and also variability in shape of villi, which were occasionally branched, plumper and more club-shaped than those in the jejunum. They noted numerous mitoses in the mid-portion of the glands.
Duodenal biopsies in gastrointestinal disease without steatorrhea. Doniach and Shiner have reported three patients in this category with abnormal duodenal mucosa. One was a case of gastric ulcer with thin, irregular, branching villi and thin mucosa. A second was a case of duodenal ulcer with irregular villi which were mostly short and blunted, with thin mucosa and distended glands. The third was a case of iron-deficiency anemia with moderately irregular villi. Since these authors have described marked variation in the thickness of normal duodenal mucosa, it is difficult to know whether these biopsies fell within normal range. At any rate, none apparently showed severe atrophy or suggested sprue.
Six of our duodenal biopsies from a variety of conditions, including pernicious anemia, regional enteritis, achylia gastrica, achlorhydria, and gastric carcinoma, resembled our autopsy specimens of duodenum, except that they were far better preserved, showing slender villi, normal Brunner's glands, and a uniform mucosal pattern. An additional six duodenal biopsies from cases of antral gastritis, chronic relapsing pancreatitis (Fig. 2) , scleroderma (Fig. 1) , and three cases of diarrhea showed only focal villous hypoplasia, probably within normal range. However, three duodenal biopsies from cases of severe diarrhea showed villous hypoplasia and atrophy of a more general and extreme type (Figs. 3, 4) . In each case, the mucosa was hypoplastic or atrophic with reduction in over-all thickness, but without a flattening of the surface. It it apparent that severe chronic diarrhea without steatorrhea may be associated with atrophic changes in the duodenal mucosa. In all duodenal biopsies congestion was regularly present. Since the specimens were obtained in the early morning, prior to breakfast, it is unlikely that this is due to digestion and absorption, as Baird and Dodge' assumed in four of their postgastrectomy jejunal biopsies. Jejunal biopsies in sprue. The biopsy specimens of sprue in the literature deal almost exclusively with the jejunum. Paulley' in 1954 reported broadened and clubbed villi and marked infiltration by plasma cells and eosinophils in two jejunal biopsies in patients with idiopathic steatorrhea. Butterworth and Perez-Santiago' obtained jejunal biopsies from six patients with sprue and proved malabsorption, generally finding edema, inflammation, and changes in the number and contour of villi. Shiner10 in 1957, describing histological changes in sprue in specimens taken by a jejunal biopsy tube, noted that they occurred in some cases but not all, that they consisted chiefly of villous atrophy, which had otherwise been observed only in one case of pernicious anemia, and that in the severest cases a uniform flattening occurred with almost total obliteration of the villi. She further noted the same changes occurring after treatment and remission in patients controlled on steroid therapy. Bolt et al.' in 1958 reported biopsies taken with a jejunal biopsy tube from seven patients with sprue. The specimens were all similar, differing distinctly from normal small bowel. There was flattening of the epithelial surface of the villi, marked cellular infiltration of the tunica propria, coalescence of villi, and a corkscrew arrangement of the glands. They considered these changes diagnostic of the disease, treated or untreated.
Duodenal biopsies in sprue. Doniach and Shiner reported gross blunting of villi and great loss of villous surface on biopsy of a case of steatorrhea with megaloblastic anemia.
In the four cases of sprue in which we have examined duodenal biopsy material, the mucosa was markedly and generally abnormal (Figs. 5, 6 ). The chief abnormality consisted of a widening and fusion of the villi to produce a flat mucosal surface, without necessarily involving a reduction in over-all thickness. The loss of villous pattern was to make the specimens generally unrecognizable as small bowel. These changes were found only in sprue, and in all the cases of sprue. As in the jejunal biopsies of Shiner10 and Bolt et al.' there was no histological recovery with treatment and remission in two cases rebiopsied. It seems apparent that in idiopathic steatorrhea, or sprue, the histological changes in the duodenum and in the jejunum are identical, consisting essentially of broadening and fusion of the villi, resulting in a flattened mucosa of greatly diminished surface. In the duodenum this ironing out of the mucosa may or may not be associated with over-all reduction in mucosal thickness. There is no cork-screwing of the glands suggested in the jejunal biopsy material of Bolt et al. ' The appearance of flattened, coalesced villi seems to be characteristic of sprue in the duodenum as well as in the jejunum. Atrophic duodenal mucosa with blunted villi is not characteristic of sprue, but occurs in other chronic diarrhea.
Duodenal biopsy in Whipple's disease. The one entity in which completely specific histological confirmation of a clinical diagnosis is possible is Whipple's disease. A case of Whipple's disease was diagnosed by Bolt et al. by jejunal-tube biopsy. The case here presented documents involvement as proximal as the first duodenum in this disease.' Brunner's glands are markedly dilated, as they were in sprue (Fig. 8) .
CONCLUSIONS
In the duodenum of patients with severe chronic diarrhea, the villi may be normal, slender structures or may show foci of hypoplasia. In a smaller number of these patients, there may be marked atrophy of villi with an increase in cellular infiltration and thinning of mucosa. Associated with these changes, Brunner's glands may be dilated. In severe chronic sprue, the duodenal villi are broadened and fused, so that the mucosal surface is markedly flattened although the entire thickness of the mucosa may not be lessened. These changes are accompanied by increased numbers of plasma cells and eosinophils, along with dilatation of Brunner's glands. They were present in all four cases of sprue, both before and after treatment, and are regarded as characteristic. Whipple's disease is a variety of secondary steatorrhea, the pathognomonic lesions of which may be found as high as the proximal duodenum. 
